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TrOpOsphcl  ic slid fl$il 1>01 :Ii; En]ission S])ectlol]ielcl s
‘1’I]OII]HS  ( ;I,ivic)l ,IIid  l<cirll}rmi  Jlccr

JLv  J) I(p. IISiI II l,atxm (itory
Califol[ii;l lrhtil c’ of TeL’lm(llcr[’,y

I. lntroducticm

This paper describes the dCVdC)]IIIIL  III of I ~vc) rcl~icd i]lstl un~cvl(s,  the ‘1’roposp}]eric
Emission Spectrometer (TIN) ai~d tllc :Iilt .)] IIr 1 ]])issic)])  Spwt] o]lwtcl  (AI’S). Both instruments
are infrared ima~in~  Fourier Trmih III S]).r ! 101 I lLt crs, uwd fbr IrIcawr  ;II{L the state of the lower

‘atmosphere, and in particular the njcas~il  (’]) t:; 1( c 1’ oz.oIIc  atjd  c~zo]~c  soutcts  ald sinks.

The Tropospheric Emissioll S[]~,[r~[li\t(i will fly on tile NASA hilssion  to Planet Earth,
Earth Observing System, Chemist] ~1. 1 l’l~t f )] I II i! t ?(K);?. ‘1’13 will rJwawIr c the ~lobal  distribution
of ozone and Its precursors m the lt}\vvI atr: l<~:i )] } e 011:1  {Ilob:Ll  sca]c fo] Lvc years. It will
produce, at least once per month, a ~,l(jl)[il :.11 \c! ofthc  tl oposp] Ierc (f’1 OIIJ the ground to about
30 km altitude) irduding  the global distl ii}~~i<~ll ( $iith al~itude,)  ofc)z(Mw, }l~c.tllalle,  carbon
monoxide, nitric acid, nitric oxide ar]d rli[i (~~~( I (ll~lxiclc,  ernplo~irlg  c[)tlcatcwitcd limb and nadir
views. This data will be used to caliil]  i~~c :IICI  ~1}1.’:itc  ~;l(kil at~)msp}lc]  ic ]riodcls that are used to
evaluate the current state and precii~t  th~ fi)~l]lt’  s:lte ofili~’ at]llos~)}lclc,  ‘1 }S will also support
regional and local data collection actil’i[ic~

The Airborne Emission Spcctrt~]ilct~r  1s ;iI I dir”lJ()~nC  ptcrur  SO1 to tllr tioposphclic emission
,, ;im{  }Ia~ complctcd SCVCI til datfi  (ollection  campaigns. Itspectrometer. It was completed ill ] 9?’

is limited to dow]~  looking observrit  iorl~ {)i’t  I)c ~x)l 1 ion of tlic t[ ~lp[)spl~crc  Ilclow the aircraft.

1[. Objectives of the ~’roposp]lcr  ic 1 f[ ]ijii~ n ‘;/ wctr omctcr

‘l”hc “1’FX primary objective is t II(. i 1 I\ L*S[ i;’, [ ion o(”

‘I oicct

b l’he tt~ree-dit~lensic)rijl  distt it .11 ior] of gases irrlp[)rtiint  to t]<~~ms~)heric  chemistry
with particular cmpli:lsis  t)ri 1,oImf 1 )wric ()~(lnc:  its ciist] il~ution)  ])roduction and
destruction;

b ‘Yro]]os~>hcre-bios}]llt[c  i]~tl,  c ,iol ~
F Troposphere-stratosill~tl I tY,tili~ .,

on global, 1 cgional  and local scales.

Tropospheric ozone,  unlike stlalt)sJ)l  IC; ~c ( wont, is ilmtasirl[~. ‘J’roj msphcric ozone is
important because it is the primal y S!.)UI ct. ()) {)] 1 I iidicals or) the 10IVCI  atr[]{)sphere.  011 is, in
turn, impel-trmt because it is throug]i  ] C(!C [if]] IS \’,rit ‘i spcc.i(:s  SUCII as (:() aII(l ~’olatile  organic
comj)ounds  that the atmosphere rids it s~’lf of l), }11: ~ mrJ. [Jr]fol Lrrlately  ox~~]]c is itself a pollutant,
being a primary ingredient ofphotocllcl[l:  c.(1 +I})o:, III urbaII  arcps and, fuIil  Irl Inol e., is a
phytotoxicant  that directly attacks v([’,ci:~  t i{)~. ]t i ~ tl-lercfol c VC[ y irll]x)l [atlt to understand all the
processes through  which troposphe]  ic oit.~;it  ]: fi) IIled,  tr a]lspc)r &cd and destroyed. Figure 1
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shows some of these pathways, includirly  ttIc  (r LI(.ial role ~Jfthc active. nit] ogcn species NO and
N02. It will be rioted that some of’ the sl(. it~  (::Ich as 01 I itscll~  a; c u~lt)[]servable by passive
remote sensing techniques and othv]s (N I(.}1  i). tlIL active rlitro!’,c)l s[mcics)  ] cquire  the extra path-
Iength provided by limb viewing to obti:i])  ai([!u tc sclisiti~ity,  1 ]ence ‘1’1 S has been designed to
make measurement s both in the nadir all(i [It I tic I I ailing  lil]~b, AI;S, fi)r sir[lplicity,  is limited to
nea: nadir viewing.

III. TJLS Science Requirements

The gases identified in F’igul  c ), IC:I -(IIIC,IIY to (1]v instmlncmt  science and measurement
requirements. The instrument needs t(] IN’ :t)lr t(~ look ill hcjth th~ nadil al]d limb directions. The
nadir views are required for good ~Ico~~.t [ill] lc.1 I ]t lt~sure]ncnt  of boundal  y lii}~~t gas distribution.
The limb view is required for measut CIIICIII  {~f ttlc ~’cr-tical  distritmtiorl of ozone, the measurement
of stratospheric-tropospheric exchang,c, {:rl[i tl)c i:icasurcnlcnt  of”N(3, K()., ar]d llNO~,  the most
significant ozone precursors. TI; S 11(:(4$ [C }Ir\Ic 111 oa(i S])(ttt-iil  C.OVCI  EI:,C t}mt cncornpasses  all of
the gases in the figure, and, to have ttla~,illl[ll]l sc ,litivily, IIcfds to have s]]cctlal resolution that
matches the spectral lines we arc t[ vin?, t o ] I IC :i S(II (., “1’his is O. I CJn”] (IOUII looking  and 0.025 cm-]
at the limb. The two are different duc [11 ))] r.’S\ll  I ~ I)roadcriillg  III t.hc ]OV;C1  atlliospherc.

The only instrument “that will rl](l’t I Iicw (lit cria is an irlfriircd  irl~aj;i[lg  ];ourier  Transform
pet romct cr. ‘] ’able 1 lists the kcv i]]st [~11 i{rit ..~icnce  rc(~ui~rmctlts.—------ --- . ..-. —— . . , ~:, ,.. _-—. —.—. .-. ——.

Tnblc 1 Kr}’ ‘1 1:S S( icncr l<ctluitc[llcllts_—— —---——- .— — .——, -—. — , ,...— — —

S]mctral  Coverap,e
— . .—— .— . .

Spectral Resolution
——.-.—. . .— —..——.——- .

Spectral Accuracy—— .—— —
Spatial coverage

—-——.- —..  - .—. — .  .
Spatial resolution

—.-—— . .. —— ____ .—

‘1’cmporal  Covera~c
———.. .—. —.. _

l)ynamic Range
— .—— — .— _ _-. ___..____  Q_ Q..

Ra(iiornetric accuracy
———— . . ..— — —.. _—.— ___

Signal to Noise Ratio_&. ..-__. _____________ _.—- .—. —— . . . ..——.. — ——-. .-

lV. Mission l)csign

L. . . . . . .. . — .  . .

650-4350” Clrl-]( ? 3- 15.4 microns)
-- . . . . . . . ———

0.1 cnl’1 I]adil, O.(L!5 cm-l limb
..— . . ..- . . . . . .- —-—

0.00025  crli-r
.—. . -————- —

‘/. s x 75 Il~lad nadir
().75 x ‘/,5 l]~rad  limb

. —.. . . . . -. —- .-— ——

~Ilobfil  sutvcy:>  ot ICC pcr month ,
. .- . -—_—_—

cold s~)a(( I() 340 K
-. .—. . . —.———

1% radiance (h’l S’]’ ‘1’raceable)
. . . . . .— ..- —_ .--_— —

Sollr(:c  ]’hotoi] sl,ot nc)ise limited_—. ..— -.. . ——

l’liS procluccs  a global sur \’t;y (JJ tll( ZI IIi(I:.  [IhcI c OIICC  cvcry ]Ilolltli  as a standard product.
The standard product consists of till cc Ir,r”i )f ( i a: I WC] 1, corisist ir~p, of p,co[;raphically
located, mdiomctrically  calibrated, illfr :{] (d ,I,cL (i c)f tt]c 1 artll’s  sut face, troposphere, and lower



stratosphere in selected frequency bards b~.v !w( I 650 ali(i 4350 cm”]; 1 NC] ?, geographically
located vertical concentration pro~i]cs  ~’i t>r I t) tf: ~0 kll~ c)f key tro~)os~]llcric  s~)ccics,  OS, HIO, CO,
C}Id, NO, NOZ, and IIN()~;  ],evcl 3 ~’.llic  !1 ;tjrl<iis  of i~dcl polatcci ::lot)al  find regional maps of
these species on selected altitucicllll  CSS(l[ L ISL!I f~I. I.’s. “J’al)lc 2 lists the Ii S Stamiard Products, with

g)ccted  accuracy and heiqht ranocs_  — _ _ . .  - . _ . .  -, -. ,—— ... —— .——. _- -=, ,- .--- .
Tabi( ? ‘J’l’k Sl:lll(lar(i lhta  Plodllcls— .- . ..— . .—. —.—— .— _.. .—.. —.

1;0s
Product Product
Number. — .  — — .—.——.—. .

1616 Temperat  urc
Profile———  .—— -- — . —  .

1325 OJ Mixing
Ratio

——— .— . .. —.- —- —.— —.— .—.
1129 CO Mixing

Ratio
—-—. — .--—.. .. ———. —.

1089 CHJ Mixing
Ratio

1842 H20/IH)o
Mixing Ratio

————. - — . . . — . — .
1268 NO Mixing

Ratio—-- ..— — .——. — .—. ——..

1278 N02 Mixing
Ratio

——— . . . . . —. .——. —.
1206 IIN03

Mixing Ratio—... ._— . ..__ _  . .  ____ .

2455 1 and Surface
Brightness———.._—— -- _.- —.—-—_— . . — . — .

. . . .

(),;’ K

. . . . . . .
3-20 ppb\/

. . . .
3 15 ~)pb\’

..-

1440 ]lpM’

0,5-50  ])plll\~

. . . . .
20.30 j)p[v

,,.ll, )-”” “-

.
3 ]Il)tv

I

1.-—- — - - -

0.1 K

. ..—. .

—

———.—z———

h4easurement
Domain

- ..— —
0-33 km

- .-——
O-33 km

O-33 km

0-33 km

——_—
0-33 km

8-33 ktn

4-33 km

——..-——
4-33 km

— .--———__.——_

Figure  2 shows the TFS Globai Survey ()!.)s::1 t al. ~~ )WIl scq~lcncr. ‘]’}:S oI)sI>[ vcs in the Nadir first,
and then approxilnately  seven minut cs lot cl, lLIt.~J:  at the t[ailin{;  li)i]b ill tt]c san~c  geographical
location as the nadir survey. The {ilobal  sl~i v:y : lquilcs four <iays  ofc)bsci  vations to prociuce  a
map grid of measur mnents  on appi uxit II~IIt.l:, 5(H3 h n ccntcrs, I i~;ulc  3 sI)OWS the details of an
observation sequence. The seque]lce l)t;~,i[l:  v, i[li L twm])oint ca]ibrat  ior), using, first a view above
the Narth’s limb, and then with a vim’ o!’” PII II, tCI; I:L 1 blrtck body ‘J’w)  ]1.adi[  intcrferogram  sets
follow-the calibration, and these in tlll”ll  aI L :L)lt.)v, ( d by th] ce litnl) iritc] I’c]o};t a]n sets.

v . Instrument Design
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TES Functional Block Diagram
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‘1’atjic  4 ‘1’}’S Oplicnl l~ilfcrs. . . . . . . . . . .. :,.... . ..- --~ —-, . ~. ..- -.. -.,----- -— —-—
: :<(:)()

‘ -- 1

3050
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q ,jo - -
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1111
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2A1
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1050 71. . ..—. —

1150
.—. ——

1325. .. —_ —— -3
1550. . ..— —
1750

1950
—.—.——-4

(’:’0 ..— .-. . I . .__900 J-. . . . —.—————-
Thc focal plane subsystem also itlcludc~  tl~:.  :Mi{’,til  chailJs,  which corlsis[  oj’a cold focal plane
preamplifier, followed by a switcli~t)l( :~,~{il p .]st ,tlllplifik:t,  a fo:ll-pole. baldpass  filter rind an A/D
converter.

The Command and Data lIandlitl{;  Sut):.)r\tirll  ct:isists of the flip,llt  c:~][i]l~ltm  and data buffering
and format circuits.

The Calibr:ition Subsystem is pri]na] ily ii II ‘t qi \lity bl;Ick body, wi[h a tt]llpcrature range of 180
to 350 K, used for r-adiometric  calil)l:iti~,t]  (! I 1 ‘,

The laser subsystem is used to nwas~l[  c ~lii II!ILS II optical patl]  lcr)~;[}l  at]d di[cction in the
interferometer. These signals aJ e LJSC(I  to c ~J I t ~) detcctol sar]l;)lin~(,  kcc~)i[lp,  sampling based on
optical path length rather than clock si:~ri;ll. ‘1 II: lase[  out~)uts aic also IIscd ill motion control of
the interferometer.

l’hc cryocooler  subsystem consists of :i [I::ii ( i c ,llers, OIIC fo[ cac!l fbcal ~Jlatle..

Figure 6 shows a cut-away ofthc  itlstlul]lcil~  tics {, Ii. ‘J’}IC  illtc~ .fe[ ornctcl  IS cooled by a space
view radiator to 180 K. The relnaillcit’1 01” I II(. ill.ii LIIl”lCflt is at spacecl  HO :ill]bimlt,  approximately
270 K. A radiation shield around tllc  col(i  ,)[~i(:  )Iclps stfitlilizc  tcJNj)eJaILIl  c, and reduces loads on
the cold rac{iator,  An earth shield 1)1 c.vc:):s \ I)L 1 i:{ Iatol fi (ml srcill~  cal ill shine, ‘J”he top on the
instrument has a pair of cooler radi:if(l]  > zll.i ;ITI ( l,ctroliics pa(ka:;  c Iadia[ol,  l:i~ul-c  “) shows a
mock-up of the instrument.

Table 5 gives the ke~trument  accortlt]]()  i~I iorl IIarti]nctcrs

E:z’’’:”-”

. .. —. ——- .: ——. .-— —.

Tahlc 5 ‘J’](’S lIIS(I uIneIIt  l’arfil]lrtcrs. .—— —.—.

T ~

————. .—. . .

I !-- _3
—-———-

Parameter \I{,l,,  e IJnits-—— --.-— . .- —.—.—. ..-.
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Si?c (] X W X h)

1  .  .  .  .  “ ~  - - - - - -

llxl~xl
.—— . . — . . . . ------ . . . . .

Volume ].(:’,
_.— —-.— —. — —  - . ---- .—. . .-

Power 30( 1
———-—.  —-— — .

Mass :{[1 I
——.——.—- -- .

Peak Data Rate (
———. —.— _ . —  — .

Average IIata Rate 4,1
(Two Orbit)—— . . .— .:. -:—  ❑ =:. .—  .——

m II.— ———

11)3. . .. ——-— —
w.. ——. —-— —
kg

: -~1

——
h4flPs. .. ——. —-— —
hfllPS

.—-— ——— —

VI Airborne Emission Spectromctel

AIIS is an infrared FCNII icI “1’ tiIICJ(Ir In SJlcct[omctc] i[iic]lcic~  fm the investigation
of the chemistry and physics of the tl o~)t~slll  1:1 L li t]) plalfo]ms such  as tllc NASA DC-3 and P-3
research airc.rafi. AES is complemc]]l  aI v t (), all[i , [esl-bcd  fc)r,, the Tr ol”]os~)lleric llmission
Spectrometer (T1lS) which will fly as :1]; cc 11(111 ~1 the 1 al ih obscrvi])j] tS\ stcmi (110S) early in
the next century. As a prototype of the s]la( c lji~~. [1 T}S i! is ]Jrovidirl~,  cui tical preculsor data on
both the acquisition methodology arid (JII Iv, ,I{III,;I ;Itlllosl)]]cric chrl[)istl}~.  ,4 flcr ’11X is launched,
AES will continue lo play an import:tl]!  1 CIIC III CL)!  I t-lativc  lllcas~i[c]iic[lts  tlIIoup,h under flight of
the 1;0S spacecraft.

w]. instrument Requirements

The Nadir science r-cquircments of~’1 S aIKi It. iIII(::  ~hce I cq~lircriicrlts  t)f ?lailablc  aircratl were used
to develop a set of detailed instrutnc]]t  I (il~~i t’ II(; IIs.

The aircraft generally available to fl) tllc illsi  I i TINIII includ~  the NJISA 1’-311 arid the NASA IX-8.
The P-311 jjosed the more diflicult  intcl Llcr L} IIItI i:.s, hi::ll  ~ibra  11011 lCVCIS aIId an extren-lely  narrow
door. (~ophlg  with the  desigy  ciifliu~lltic.  ill}] scd by t}Ie i!al ioi~’ cim)r dIovc the instrument
packaging) All aircraft have high ir]tcr IIPI , .,/l; )l ~,1 ,,.,11 ~11(1 ~i(.,oustjc. Iloisc l(ncls when compared to

normal laboratory conditions. ‘l’he ins[r Llrl IC: II v:I\  : (quircxi 10 bc itlscllsitivc  to aircrafi vibration and
acoustic noise; to work at a pressure cquij:+l(  1 It to “~ 500 ft alt itu(ie, t}lc I1OJ IIMI working pressure for
high altitude aircraft; to work over a fc]))l)(r:’:]1 c 1.i:lge of’1 () to 30 (~, a!d to work after long soaks
at higher and lower temperatures, Alt II OU}T,l) 1 (1 S}W. ific Illil]]cric:{l  ] eq~]i[c[nc]lts  for these conditions
were imposed, normal aircraft operations tar] !c.illl )11 the pl:ine l~ei[]g left ull-])owcred  over night on
a runway, or sittill~  for several houls,  IIIJ j]~~~~~ ~’ J1) t]l C SII[’1111’1(’I  Sll!l.

VIII. instrument I)csign

instrument System Desigrl

‘1’he instrument syslc][]  l)l(xk {Iii:’,r;ll is sll(nvn it! fif’,ulc 8. ‘1’/Ic ]Imjor division of the
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instrument is a pointing control Sut)sys[t’111 ~11:1 iil ,mst] uimmt s)stml

I Subsysteln  Breakdown

I Instrument Control is ]JI iIII II il? I t t oujI,lI tlIe irist]-unlc]lt  c[)[ltro]  computer, a rack
mounted industrial version 486. ‘Illc ir~~[] u]tlcr]t timrato]  }i:is  access to all ilistrumcnt  temperatures
and critical volta~es,  and has a visuul tiiy~l:  Ii of tl~~. instl ulllcnt stfillls  at :~11  til~l~s.

Aircraft Interfaces al c l.(~)1 a; sill  ple as ]mssiblc, ‘1’hc I]lfiin interface is a power
interface to the aircraft power bus l’\l\\’t’l ,,.01 , tTtcIs  pI ovidc isolai iorl fI OIH aircraft bus noise,
frequency and amplitude drifts. 01) SOII IL :1 i CI ;Ifi I data a(quisitioll  systeIII collects and broadcasts
aircraft data such as altitude, (il’S ]I[)sit  IWII L! its, rit[itude,  willci  spcc(l, internal and external
temperatu[-es,  etc. When these data NI c :l\iii I it,lc, IIIC itlstl-l]]l)cn[  is cal)al,lc ofcollecting  and storing
it with the interferograrn  data.

Optical Design

}~igure  9 shows the ol)ti~:ll  tit:  .i:I,II c :’IIIC [nai~i  body of the ills[l ~lnlcnt.  The instrument
consists ofa Michetson Interfcromctc],  ]ii~ll ( ]1.i], ~:}](] ~[)[tIvL]  Ic[rc) [Cf]c(:to[s.  A fold mirror is used
in the flxcd arm to help with instr~]lu{’11[ p cka!< ]lH. ‘1’})c bcalmplit[ci  aIId compensator are both
Potassium Bromide. 3’hc bcams]llit  [cl tl:i: a (+(t [Ilallil]nl  coati[]~  oIi tile  It:ar surface. I’he front

f I , cornl)crlsatt~r  ~Jl:itC  a[c uncoated. All refractivesurface of the bcamsp]itter and both w I I’ii((  > (I i
surfaces in the instrument are wecigcd.  “J t lc c II [1 ;I I five 11111 I arc cc~atcd  wiIII Sotct to provide a good
coating for the Nd:YAG laser. ‘J’IIc c~):i[i~i!  t}l ;kness was clic)scri  to I[)fixinlim the bcamsplitter
efficiency (4RT) over the spectl al 1 :ii~!~,t [’},t il[(:rfelon]rter vacuu]lj  chalI]bcI windows are both
ZnSc, and both ale coated with a br{md tl.11 id ~llli.  1(.llcctivc coatili~’ All ]i]il I ors are gold coated for
maximum avcra~c  reflectivity.

‘l’he contlol laser is a commc]tial  di[) ic in]llllcd Nd:YA(i  kiwi (1 .i~,llt  ~vave Electronics Series
123/1 24) operating at 1.06 microns 1[ is c> [C j II:tl  to tllc vacuuin challlt]cr f.)] case in alignment. A
central pick- off mirror takes t}le lascl si.i I, II:Il 10 III( i[in~~,c  umntirlp,  elcut  I (JrIics  before the main beam
is directed to an imaging mir-lor.  Allc] tii<: []li~’, ,,~Y l~jirlol  , a stt of (Iic]lloic  ~>camsplittcrs  and fold

mirrors is used to ensure that all of tilt ~i( :vt.toi:,  arc ill conjugate irl]a{:t! I)laims, The dewars all
contain re-imaging  optics that rc-collltnat(  ilr)l (lc-li:~gnify t}ie inlap,c to II Iat ClI tile finaI detector size.
l’he optical filters are placed in collil~l:~l  LX SI)[?C I: I.ach filtei v~hcc] also corltains a totally open
position, and a totally closed positiorl

There arc several pointinc sys[c~~]  ii o:l[  t]l(i. that earl  be ]]laccd on tllc  irlstrument,  depending
on the pointing accuracy required, tlic  j“i(ld (If \iti, Icq~lilcci,  arid the iiir~] :+11 interface. One has a S
cm aperture, the other 20 cm. l’he zi[cl ::fl 1.111(.I(JLI, has a 35,6 CII-I  difilnctc’],  with a useable  aperture
of34.3 CI1l.

Mechanical l)esign

Vibration isolation l~:f~ IJIII ,)ftlI: rn:ljor  dcsi~’,n tasks ‘1 I)C chief concern was the



conduction of aircrafl vibration, a[]tl  ~i(’OLJSl c II() ~t’ frOIII It!e ai]claj~ S{ Ill([llIC into the hKWLHIIeIlt.

A secondary concern was acoustic ]Ioi .[: ii IIIC ,iil insi{.ic the intc[fcroln~~[cr  contributing a noise
signal. The method chosen to isolaic t}lc itlt~.  I jt!r(]lcte[ fi otn aircrafl  str Llctu[al  noise was to isolate
the instrument on air shocks. “J’]iv i]]lc[il  [ltilci~ is ke]]t  at appIoxinl:itcly  0.1 atmospheres to
minimize any acoustic coupling bet WJC[J 1 t t I.: (.:IIJI rl enviro]uncult, wl~icll c:tl]  have an ambient noise
level of90 d13 or higher, and the inst]  UIIICII( III z ifiition  ~ibra{o[i dfi][l]li]ly  Inateria]s, were placed
on all sheet metal surfaces.

~’he interferometer is lt’tILi f ./ c~~ ,.it ivcl  I, ‘J’hc lcati  screw su~)polts  the drive motor
rotor. The motol is a 180-pole nloto  T, hfo{ ~): I (I I. is COKIt T O1lCC! by all o~)tical  cncodcr. The motor
is capable of moving the retrordlc~[o]  {ii t’ 1 c)] ,sec, a!ld [cvcrsillp,  t}jr (ill cction of travel in one
second.

Pointing Subsystem

l“he pointing subsystem cons;s[s (] tv o \’i(l I canwr~ls  wtith  I ccordr)s, i{ viclco  tracker, a video
annotation and a gyro stabili~cd  p,il]]bal, ;IIld il, [c]. ~[e aIId con[] o] clcctloilics.  All of the equipment
is commercially available, except iur I II( il[<~ f;i ~. and cc~ntrul dLMI orIIcs ‘ j ’here arc  two video

cameras, a wide angle look-ahead ca]nc]:1  t} it Io(I,s atm~lt  45 cicpt  ccs allc,{d of the instrument, and
a narrow angle camera that is usccl as in]j(lt  t{ :4 1 )1: ~~ SystcIlts  hlodcl  60(J-4h4/(~  video tracker. The
tracker will track on either black or }~lli[t I-I ;~! ~ w.1 k capal)lc  f jf Rh4S ]loil l[in~ error measurement
on the order of half of a video line.  7 llc [t ‘CI, CI I. I I 01 si~]liils  Arc used to (’ontlol  a gyro stabilized
gimbal (1+’rascr-Volpc  Model 71 2). A ~ii.i( 1 OIIr I ![ritioIl board  is used to ~)lacc  the ccmputer time
(GMT) and intc*fcromcter  scan I1(l,J-11.L, WI [tic ,icieo si!,nal  to all~w \Isc c,f the video signal in
dctcrminins  exactly what the instmlllc]ll  l~i~  \ it. Irig.

The Nar[ow Angle F’ield of’ VICL\)  i :!)()( t 4 dcp,ttcs,  kccpirl!: II]C ~idco error signal much
smaller than the infrared pixel, and ll)irli!lli/il!’,  jit l.t.

I)cwar
“J’]]c ])cwars  are CL ISLOI  II (jt i:ll((l 10 supp)l-t tllc fbcal ~)]arw ar]d filtel  wheels,  a n d

maintain thcm at 65 K for up to ci{’,!l[  li~l[lt  L ‘1 11~ ~lppc[  W) IUII-IC coIlt; ii[ls :+ ])uInp manifold, l.,iquid
nitrogen fills an inner chatnbcr, wllicl)  ((~rI  ill]s I coat  sc alunlinu]i)  foalli to tmsLlre  good thermal
contact with the detector area. “J’c[l]]x’1 {i(lll. s :lrt f.ontroll(d  to 65 K Iby rl~ai]ltaining  the nitrogen at
the triple point which occL]rs at a pl CSN] t u ,~f iil)l ..:t O 1 atlllos~)hclcs

A filter wheel is mechanically c(tll)ld [(~ t c CO1(I \’oluIIw by a CO]I]KV cable.
The filter  wheel stepper motor  is CXIV1 IJi~l  to :I:L & ,var, arl(i mu]Ilcd  to tllc jilter wheel by a vacuum
rotary fecdthroufih.

Ddectors

‘1’hc detector pal-a llw{cls  ii I I ill)il(l  10 t}lc)sc  of’1 l:. S, e:scc])i  Iilat only fbur pixels arc
used to reduce costs and d[ita rate, zlid 111( ~)~~:~.~s  i r c twice fis lal gc, rcflccti~~::  al) earlier TIM design
state. All of the detectors wet-c built fi C~lIJ  r? Isl ill{]  ][~ask sets of S x 8 al] ays of 140 micron pixels on



160 micron centc.rs. 10 achieve t}lc clt~ws Hl ~})r ~i~ch to tile (tI:sil  cd 10 ] gco~netrical  aspect ratio,
seven pixels were shorted togethct,  III odi!cil l:), iIII : I)proxinlate act~vc arcd f)~’ 1040 by 140 microns.

l~our spectral bands wcf~ c LCW]] and dicli[oic  bcallls]jlitt(vs used to separate the
bands. The selected cross over poi]l[~ fiI c x).x  YV and xxx ]I:ICII CIOSS OVCI point resLdts in about
100 cm- 1 of unusable spectral S]MCC

The detectors are nmunlc(i  t~) I c:ir:I~Is, wl]ictl also con[ai[)  H dual II+H’ pre-amplifier
for each pixel. ~’he detector calricrs llolt I(I al \tccl }~hitc, ~vitl]  WICLILIIII  g,rease making a good
thermal path between the Nitrogcr]  LOIIIJI:iI Ii Iir II ild tlIc dLlmtoJ ‘1’iw pI c- an]plifier also operates
at 65 K.

Calibration - instrument (’alibi ii(i(ll  \+:IL celltl al to thu dcsi~’,rl Iuoccss. The airborne
environment is poorly controlled, iir](i  C( IIIS[aI ~, y cllanf  ’,in~, rcqui]illp, fi cqLlcnt  calibrations to
compensate for changing instrurne]lt  ofl~I.L aIId (ilift,  a]ld  varyiiy il]st]  urilctltal  backgrounds. The
main calibration source in an FlmtI ()- Oi)t i. ;).] ltl.l~lstries h~odrl II 16051)S 14 flat plate calibration
target. While it would be better to usc  ii c.t\ I:, c: I il)ratiot)  targt:t,  volumc ] cstrictions  in the aircrafl
make it necessary to use the smallcs[  1:{1  ~:~1 ]J.~ssl’I;c, ‘JIIc Iar[t(:t  tCrIIIWJLI(IIIC is controlled to 0 . 0 1
C, by an internal sensor. Surf am tclli~)t[  (L I cs ,ary  duI ing fli~~,tlt  by cf)[isidel-ably  more due to
changing temperature and airflow if] tli~ oiK\I iifl I hlril]{’,  jligh{., wc ty~]ically ]ecord spectra at two
tenlpcratL]rcs, 350 and 280 K. WC :Ilvl  IIil,c a :. ~or](iar)  An]l]ien( ‘1 c]u]x:l atL]re Target, which is
aluminum, uncontrolled, and isolatc(i  fi [)111 ! II{.  ill (I urnc]lt  and :iiru:ifl stI lI(”IUIC.

During flights a calibration set {)1’5( SIWL!  i ;I of’tllc controlled  ttif!:<’t  ar-i(i the ambient target
are recorded eve]y 15 minutes, alte] ]I:itill{’ lIC:LVC.lL  the twu controlled  tar:~(:t temperatures.

l= Table 6 At:S li~~fr II Incnt P:irnti)etrrs.— . . ..— —.——.-— .—— .  ..—
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..—.
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lx. lnstrumcut  Operations

Pre-flight Operations - Befbl c I lit~l][ ~ )IL1 ill i{)ns,  an L~te~lsive  SC( o(’ illstmnlental  calibrations
are performed. The basic sequcncc  [Ji” ]]( t’.“l:Illt  {y)erali{)]is  is:

1. interferometer A1ignnlcl]~  - ‘1 }1(: I II L I ]~ : tjrilctcr Iwal ill{;s aI c cll L:ukcci and the lead screw
lubricated with a low out-gassing lub] ic~ll 1( ‘J t~~. ill] .[fcrol])e[er  ali~yrlme]it is cl]cc.kcd  by using a HeNe
laser, and visibly inspecting the cent cr oft  11. j i ili~ ( patl cr]) at tmt 11 ends oft [ avel to ensure that the
mechanical and optical axes are aliq,l]r~l,  ti](i [[l syml[lelry o{’ ttle pat[c]  JI near zero optical path
difference. Small misalignments a[ e i e:idil~  i h w, i J et 1 “1’lic Nii YA( i lascl  is then aligned with the
mechanical and optical axes of tlm i[]tu] li) o:il~.[ul

2. Pixel alignment and focus - All of I IIL d ~ ccto[s riIe b[ou~~ht irlto fucLIs, and co-aligned so
the pixels in each detector will  scc tllc s+l)lt  :111:1,1. ill  field,

3. Radiometric  Calibration ~~ ‘1 IIi< c ll~is[.  of fit} ex[ensivc set of slxet]a taken over the full
operating range of the instrument. }4. flat pl:: c 1 ~1.~ L: body is USL’CI  as a soul L’C, with the temperature
varied from 180 to 340 K in 20 K itl(itlll(tws

4. Stability - A set ofspcct[a  is ~::l:ttl  tit 1~:0 at]cl 280 K cvet)  half houl for a period of five
to eight hours. l-k-e are instrument d ri fls I ri rl~.li  sc (,’quivalc]lt  rddiancc (ILIC 10 changes in instrument
temperature due to self heating f[olil t}ic ill: I I iIIII(  Jl(  clcc[rollics

5. linearity - Three sets of s]wll:! ::[ ( 1~1{( i with I}N’ black body v:tl  }ir]~ in temperature from
280 to 350 K.

6. Polarization - q’he inst]urlj~ll[  ]w~:tl  Iz.i on is IIILasu[cd by }>l;icil~~],  a ~]c)lariz.er  in front of
the instrument and measuring sets of’s] I(C [: as [Ile po]al izcr ]s ]o(atcd, ‘J”hcIc is no measurable
instrumental polarization, and this csprl iIll( III IS ~ I(1W I e~)c;ited ii~jrcql]c]it  ly.

7. Spectral Calibration - A {;is ~(11  vitt] a ;: IIOWII  q~lantity  of ’ri llallo~v-lined gas is placed in
front of the instrument, and spect [ a ti[ c r (xc t ( led

Figure 10 shows the hStI”lllIICJl[  ][]s alltd (r) the NASA 1 K-8, lllstallation,  alignment and
check out of the instrument prior to fli~:t][ ~I,Lll(.] all\ takes about tl]rcc d:iys,  with the majority of the
tirnc going  to mechanically  attachil~~  t 11~ (( I Iil wt:]lts to t]lc ail CI afl StrllC[lll  c, and cabling into the

aircratl power and data system.
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Flight  Operations are gel)c[:[lly  L{vl~ilrct~.  by a tllrcc 01 fi)u~-jmson  team. One person
operates thcpoinling  subsystem, OIIC ol)c];ll~sllll llst]Llrllcllt  a~]d data sysicm, and onc records and
controls  thedatac ollectiona  cti~’itits:lll;  i UI]]ll~Il  ]icatcs~itht]ie  pilot.
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